Sunzmary. Unequivocal syntheses of N ( l or 3)-mono-substituted 7,8-dimethylalloxazines are describcd. The borohydride reduction of various alloxazines has been studied under aerobic and anaerobic conditions, in the absence of light. These reactions are discussed in relation to other work on 7,8-dimethylisoalloxazines (flavins) and on certain flnvoproteins.
photolysis of a riboflavin analogue in a neutral medium [7] , or (3) hydroxylamineinduced N (10)-methyl dealkylation of a lumiflavin in acetic acid solution [8] , is suitable for the unambiguous synthesis of an N (3)-or N (1)-mono-alkyl-alloxazine.
The use of method (1) in this particular case would be impractical because of the uncertainty involved with regard to the positions of attachment of the so formed pyrazine ring. The low water solubility of N (3)dkylated riboflavins renders the photolysis procedure (2) inconvenient. Compared to the known example of lumiflavin [ 81, hydroxylamine-induced N (10)-dealkylation of N (3)-alkylated lumiflavins is more complex, depending on the N (3)-substituent [9] . We sought, therefore, an unequivocal synthesis of N (1)-and N (3)-monoalkylated alloxazine derivatives.
Results. - The primary intermediate utilized for synthesis of 1,7,8-trimethylalloxazine (7) was N (3)-benzylriboflavin (3a), obtainable in adequate yield (-50%) using the barbituric acid condensation method of Tzshler et al. [lo] rll] (SchemeI).
The riboflavin 3a was converted by periodic acid 1121, in acetic acid solution, to the 10-formylmethyl-flavin 4a, which, by heating under reflux with peroxyacetic acid, underwent facile oxidative transformation at N (10) to yield N (3)-benzyl-7,8-dimethyl-alloxazine (5a). In successive steps, 5a was methylated by dimethylsulfate in N, N-dimethylformamide-potassium carbonate mixture [13] , to give 6 which was N (3)-debenzylated by sodium in ammonia so affording the desired 1,7, S-trimethylalloxazine (7). An attempt to remove the N (3)-benzyl group of 6 by catalytic hydrogenation (H,/Pd-C) failed. I n this context, it is noteworthy that N (3)-benzyllumiflavin could not be debenzylated by either procedure [9] . several days) at high pH, whereas the N (1H) analogue 5b underwent decomposition, presumably to 2-methylamino-6,7-di1nethyl-quinoxaline-3-N-metl~ylcarboxamide. This conclusion was based upon the absorption maxima and spectral properties of 5b and was in agreement with the findings of [5] . The structure of the 'imidol' derivative 9 was supported by lack of the characteristic IR. absorption attributable to the 4-0x0 group (-1720 cm-l) of the alloxazine- Compelling evidence for the positions of hydrogen addition to 8 was furnished by the unequivocal synthesis of the analogue 12 (see Scheme 111).
The UV. and visible spectra of 12 were similar to those of the reduction product 9; the absorption spectra of neutral and cationic forms of 9 and 12, respectively, are shown in Fig. 1 .
Attempts to convert 12 to 9 by direct alkylation, by means of (a) CH,I, dimethylformamide, K,CO, or (b) CH,I, acetone, K,CO,, were unsuccessful, due apparently to the sensitivity of 12 towards bases.
9 is quantitatively reconverted (activated by light) to 8 by H,O, in HCOOH; the accompanying spectral changes for this reaction are shown in fig. 2 , isosbestic points at 384,358 and 277 nm, respectively.
Fluorescence data of some of the compounds studied are summarized in Table I. For all compounds the fluorescence intensity value in pure water was higher than that in pure methanol. Those of the reduced alloxazines, 9 and 12, are 4.5 times larger than those of the corresponding 0x0 compounds, 8 and 7,8-dimetliylalloxazine (14), respectively. These trends are parallel to those with borohydride reduction products of flavins [ll.
Discussion. - Compound 8 is rather quickly hydrolyzed under thesc conditions : the low fluorescence intensity observed is that of the hydrolysate.
and L-amino-acid oxidases), pronounced differences are apparent in their susceptibility to borohydride. The alloxazines and isoalloxazines both yield a 1,5-dihydroflavin, 10, by anaerobic borohydride reduction ; this occurs in the absence or presence of light. Unless appropriately substituted at N (1) in order to block autoxidation [13], dihydroflavins of type 10 are extremely sensitive to air (in absence or presence of light) and may be recognized not only by typical UV. spectra but also by their propensity for quantitative reoxidation to the 0x0 compound (8 or 13) on exposure to molecular oxygen [ 11.
Aerobic borohydride reduction of 8 to form 9 proceeded smoothly in the dark, whereas the reduction of the isoalloxazine 13 to a 3,4-dihydroflavin required photoactivation [l] . Unlike 1,5-dihydroflavins, e.g., 10, these reduction products are stable towards molecular oxygen in the dark, but they may be reconverted quantitatively to compounds of type 8 by hydrogen peroxide in formic acid solution, a reaction also photo-activated. That these reductions involve direct conversion of the 'oxidized form', i.e., 8 and 13, to their respective 'imidols' and do not proceed via the intermediate 1,5-dihydroflavins is consistent with the observation that 1,5-dihydroflavins produced from isoalloxazines and alloxazines are not further reduced by borohydride.
Where the flavin is the prosthetic group of an enzyme (D-and L-amino-acid oxidase), a modified coenzyme which contains a 3,4-dihydroflavin group (whilst retaining full catalytic activity) is formed upon reduction with borohydride without apparent restriction to the presence or absence of substrate, light, or molecular
. This behaviour of the biological flavins parallels the borohydride susceptibility of the alloxazines here studied rather than that of the free isoalloxazines ~ 13. I'luorescencc spectra werc mcasured with the ratio recording fluorimeter previously described [19] . Light absorption spectra were recorded either on a Cary modcl 14 or on a Durvum prismgrating model PGS spectrophotometer ; 1 cm cells were used, Specially constructed anaerobic cells were used for rcduction processes as described previously [20] . NMR. spectra were recorded on a Vavian T 60 spectrometer using tetramethylsilane as internal standard, Chemical shift values are expressed as 6 in ppm. Plates of MN-polygram STI, S-HR (starch as binder) from Macherey-Nagel & Co. (Duren, Germany) were used for thin layer chromatography (TLC.) ; thc best separation of the compounds described was obtained by using benzene-chloroform-ethanol (25 : 25 :1) as eluant.
All solvents used were reagent grade; glass-distilled water was used for preparation of all aqueous solutions; lithium borohydride (99%) was an A l f a Inorganics Inc. product; 5-aminouracil and alloxan rnonohydrate wcrc obtained from Eastman Organic Chemicals; 4,5-dimcthyl-Z-nitro-aniline from Aldrich Chemical Co., Jnc. The p K values werc determined spectrophotometrically in 0.1 RI phosphate buffer solutions. If not otherwise statcd, experiments were carried out a t 23-25"
N(3)-Benzylriboflavi1?. (3a)
: A suspension of 1.0 g of N-benzylbarbituric acid (Za) [21] and 1.5 g of 2-I-ribitylamino-4, 5-dimethyl-azobenzcncS) (l), in 15 ml of glacial acctic acid and 20 ml of n-butanol, was heated undcr reflux for 2.5 h, during which time 3a crystallizcd as straw-ycllow needles. The mixture was cooled t o 25", and 3a (1.32 g, 53%), m.p. 276--277", was filtered off and washed thoroughly with alcohol and ether. For analysis, 3a was recrystallized from dimethyl- 
i V ( I ) , 7,8-Triinethylalloxazine (7) :
The N(3)-benzyl group of 6 (100 mg) was removed by 30 niin treatment with a solution of 50 mg of sodium in 30 nil of ammonia. 135 mg of solid ammonium chloride were then added and the ammonia was allowad to evaporatc. To the residue 1 ml of alcohol and 10 ml of 2 x acetic acid were added successively; the insoluble product was filtered off and recrystallized from alcohol, yielding 30 mg (41%) of 7, yellow prisms, m.p. > 300". -NMR. 
C)
Shoulder.
I , 3, 7, After further recrystallization of 9 from methanol, TLC. showed besides 9 an additional faster moving, very weakly fluorescent zone, the intensity of which increased with each further recrystallization of 9. The new zone was identified as 11 by comparison o f its TLC. properties with those of authentic material described below.
7,8-Dimethy1-4-O-methy1-4,4O-dihydro-alloxazine (11)
: 100 mg of 9 were dissolved in hot absolute methanol (30 ml), three drops of 1 2~ hydrochloric acid were added, and the yellow solu-tion was kept overnight at ambient temperature. After evaporation of the solvent under reduced pressure a t 15-20", the oIly residue was suspended in water, the suspension was neutralized with solid sodium hydrogen carbonate and extracted with 2 x 20 ml of chloroform. The combined organic extract was dried (anhydr. sodium sulfate) and evaporated t o dryness. The residue was dissolved in a hot mixture of 5 ml of methanol and 1 ml of chloroform; this solution was left standing for 4 h at ambient temperature and then 12 h at 6". 11 (80 mg, 76%) was obtained as colorless needles, m.p. 137.5-139". I R . spectrum: vCH(4) 2915, vCO(2) 1675, and vCOCH3 (4) 40 -dihydro-alloxazine (12) : 4,5-DimethVl-2-nitro-aniline (500 me) was dissolved in 150 ml of glacial acctic acid and hydrogenated at atmospheric pressure (25'), over 5% palladium-charcoal, t o yield the corresponding orthodiamine. After filtration from the catalyst, isodialuric acid [22] (750 mg) was added. The solution was then thoroughly deaerated with nitrogen, stirred for 4 h at 25" (under N2), and the resulting mixture left to stand at 6" for 12 h. The pale greenish yellow precipitate of 12 (0.48 g, 66%) was filtered off and washed with ether. A sample was 
